INTRODUCTION
Breast cancer is the most common cancer among women worldwide [1] and the second most common cancer in Korean women [2] . Genetic predisposition is an important risk factor for breast cancer, accounting for 5% to 10% of all breast cancer cases [3] . To date, 5 high-penetrance genes (BRCA1, BRCA2, TP53, PTEN, and LKB1), 4 intermediate-penetrance genes (ATM, BRIP1, CHEK2, and PALB2), and various low-penetrance loci (rs3803662, rs889312, rs3817198, and rs13281615) have been discovered [4] . BRCA1 and BRCA2 mutations are responsible for most hereditary breast cancers (HBCs).
BRCA1 and BRCA2 were identified in 1994 and 1995, respectively [5, 6] . Since then, numerous epidemiologic and clinical studies have been performed; however, most of these studies were based on Western populations. Previous studies revealed that the prevalence of BRCA1 and BRCA2 mutations differs among diverse ethnic groups [7] . The penetrance of BRCA mutations also differs between ethnicities, and this may be associated with the potential modifying effects of individual environmental and genetic backgrounds. In Korea, BRCA1 mutation was first reported in 1995 [8] ; however, few studies of BRCA1/2 were performed until the early 2000s. The opportunity for BRCA1/2 genetic testing and cancer prevention has been overlooked in the Korean population.
In May 2007, the Korean Hereditary Breast Cancer (KOH-BRA) Study, a large, prospective, nationwide study, was established to acquire evidence for the accurate risk assessment and management of hereditary breast and ovarian cancer (HBOC) in the Korean population. The KOHBRA Study was planned as a 10-year project to develop Korean clinical practice guidelines (CPGs) for HBC ( Figure 1 ). Between May 2007 and May 2010, the first phase of the KOHBRA Study was conducted to estimate the prevalence of BRCA1/2 mutations among patients and their families at risk of HBOC, to identify Korean founder mutations, and to establish a BRCA1/2 mutation carrier cohort. Between June 2010 and May 2013, the second phase of the KOHBRA Study was conducted to identify the clinicopathological characteristics and prognostic factors of BRCArelated breast cancer and environmental and genetic modifiers of BRCA mutations and to develop a Korean BRCA risk prediction model and nationwide genetic counseling network for HBC in Korea. In this article, we review the studies conducted through the KOHBRA Study over the past 6 years and describe the future perspectives of the study.
PREVALENCE OF BRCA MUTATIONS AND FOUNDER MUTATION
Between May 2007 and May 2010, 1967 subjects from 36 institutions were enrolled in the KOHBRA Study, and all subjects received genetic counseling and BRCA genetic testing [9] . The following individuals were eligible for inclusion in the KOH-BRA Study: 1) patients with breast cancer and a family history of breast or ovarian cancer; 2) patients with breast cancer without a family history of breast or ovarian cancer who were ≤ 40 years of age at diagnosis, diagnosed with bilateral breast cancer or another primary malignancy related to BRCA mutations, or male; and 3) family members of BRCA1/2 mutation carriers [10] . Recently, we reported 2 BRCA mutation prevalence studies for patients with familial [11] and nonfamilial breast cancers who were at risk for HBOC [9] . A summary of BRCA1/2 mutation prevalence according to risk factors is shown in Table  1 . Of the 775 breast cancer patients with family histories of breast or ovarian cancer, 168 patients (21.7%) were determined to have deleterious BRCA1/2 mutations (BRCA1, 9.3%; BRCA2, 12.4%). From this study, we were able to identify subsets of the population with a BRCA mutation prevalence exceeding the 10% threshold commonly used to select families for BRCA genetic testing. These subsets included breast cancer patients with 1 or more relatives who had ovarian cancer at any age and breast cancer patients with a family history of breast cancer and 1 or more of the following: 2 or more family members with breast cancer; 1 family member diagnosed with breast cancer (age at diagnosis < 50 years for at least 1 case); and other risk factors including bilateral breast cancer and a personal history of ovarian cancer. Among the 758 patients without family histories of breast or ovarian cancer who were at risk for HBOC, the overall BRCA mutation prevalence was 8.6% (BRCA1, 3.3%; BRCA2, 5.3%). According to the risk classification, the prevalence of BRCA1/2 mutations was 10.0% among 270 patients with early-onset disease (diagnosed at age < 35 years), 17.7% among 124 patients with bilateral breast cancer, 50.0% among 6 patients with breast and ovarian cancer, 5.9% among 17 male patients with breast cancer, and 7.6% among 17 patients with multiple organ cancer [9] . Based on these results, genetic counseling for HBOC should be offered for patients with early-onset nonfamilial breast cancer, bilateral breast cancer, and breast and ovarian cancer, as these patients had a BRCA1/2 mutation prevalence exceeding 10%. These findings are largely consistent with the National Comprehensive Cancer Network (NCCN) guidelines for BRCA testing [12] . However, we could not obtain accurate prevalence data for several subsets due to small sample sizes, especially for male patients with breast cancer and patients with both breast and ovarian cancer. Continuous recruitment has been performed to obtain more accurate prevalence data. The KOH-BRA Study recruited 3,144 patients and family members at high risk for HBOC from 40 centers between May 2007 and April 2013 and plans to report the comprehensive prevalence table for BRCA mutations using this larger sample size. Thirty-three and 35 distinct BRCA1 and BRCA2 mutations were identified in the interim analysis of 831 patients with familial or nonfamilial breast cancer in the KOHBRA Study cohort, respectively [10] . Among these 68 mutations, the 7708C> T (p.Arg2494X) BRCA2 mutation (12%) was the most common (Table 2 ). This mutation was identified as a Korean founder mutation in the haplotype analysis by Seong et al. [13] . The 7708C > T (p.Arg2494X) BRCA2 mutation was the most frequently detected mutation in 3,922 Korean breast cancer patients based on pooled BRCA1/2 data collected since the first Korean BRCA1 mutation report (with the exception of the KOHBRA Study data) [14] .
BREAST AND OVARIAN CANCER RISKS ASSOCIATED WITH BRCA MUTATIONS
Individuals with BRCA mutations receive personalized management strategies including intensive surveillance and prophylactic surgeries according to their cancer risks. In a metaanalysis, the risks of developing breast and ovarian cancers among BRCA1/2 mutation carriers by the age of 70 years were 57% (95% confidence interval [CI], 47%-66%) and 40% (95% CI, 35%-46%) for BRCA1 mutation carriers and 49% (95% CI, 40%-57%) and 18% (95% CI, 13%-23%) for BRCA2 mutation carriers, respectively [15] . The penetrance of BRCA1/2 mutations varies according to country and race because various genetic and environmental factors have been linked to the development of breast cancer. To assist in decision-making for cancer prevention based on evidence from Korean studies, the KOHBRA Study group estimated the cumulative risk of breast and ovarian cancers among 61 BRCA1 and 47 BRCA2 mutation carrier families using Kaplan-Meier analyses [16] . The average cumulative risk of breast and ovarian cancers to age 70 years was estimated to be 72.1% (95% CI, 59.5%-84.8%) and 24.6% (95% CI, 0%-50.3%) for BRCA1 mutation carriers and 66.3% (95% CI, 41.2%-91.5%) and 11.1% (95% CI, 0%-31.6%) for BRCA2 mutation carriers, respectively (Table 3) . These results are similar to those from a meta-analysis of previous studies performed in Western populations. According to these findings, Koreans with BRCA mutations should be informed of their cancer risks and appropriate cancer prevention strategies should be implemented. However, the limita- tions of this study included the small number of cases, the high proportion of probands, the short follow-up period, and the large CIs. We expect to provide a more conclusive answer regarding the penetrance of BRCA mutations from the prospective follow-up of a large number of families carrying deleterious BRCA1 and BRCA2 mutations in the KOHBRA Study.
BREAST CANCER SURVIVAL IN BRCA1/2 MUTATION CARRIERS
Previous studies comparing the survival of BRCA1/2 mutation carriers and noncarriers with breast cancer have reported inconsistent findings. Some studies observed significantly worse survival in BRCA1 mutation carriers than in sporadic breast cancer patients [17, 18] , whereas others reported similar outcomes between BRCA1/2 mutations carriers and noncarriers [19, 20] . Recently, a large population study found similar 10-year survival rates among BRCA1 and BRCA2 mutation carriers and noncarriers. Therefore, it is generally accepted that the prognosis of BRCA1/2 mutation carriers is not different from that of noncarriers [21] .
The inconsistent findings of the previous studies of breast cancer survival in BRCA1/2 mutation carriers may be due to the differences between BRCA1 and BRCA2, the relatively small number of BRCA carriers, and the different primary outcomes and follow-up periods. To overcome these limitations, the KOHBRA Study group performed a meta-analysis of 11 studies of BRCA mutations and the risk of death or recurrence to evaluate the short and long-term overall survival (OS) and disease-free survival (DFS) rates of BRCA1 and BRCA2 mutation carriers relative to that of noncarriers [22] . Breast cancer patients with BRCA1 mutations had significantly lower shortterm and long-term OS rates than noncarriers (hazard ratio . BRCA1 mutation carriers had a significantly worse short-term DFS rate than noncarriers (HR, 1.54; 95% CI, 1.12-2.12), whereas short-term DFS rate was similar for BRCA2 mutation carriers and noncarriers (HR, 1.23; 95% CI, 0.96-1.58). These findings suggested that BRCA1 mutations worsen short and long-term OS rates and short-term DFS rate, whereas BRCA2 mutations do not influence short or long-term OS rates or short-term DFS rate.
RISK ASSESSMENT FOR HBOC IN KOREA
The first step of genetic counseling and testing for HBOC is the risk assessment for clinically significant BRCA1/2 mutations. Genetic testing is usually recommended for individuals with strong family histories of breast and ovarian cancers, early-onset breast cancer, bilateral breast cancer, and both breast and ovarian cancer. Several BRCA risk prediction models are also used to accurately evaluate the probability that an individual carries a pathogenic BRCA1 or BRCA2 mutation. The most widely used models are the Myriad II [23] , BRCAPRO [24] , Breast and Ovarian Analysis of Disease Incidence and Carrier Estimation Algorithm [25] , and Manchester [26] models, which were developed using data obtained from Caucasians. BRCAPRO and Myriad II were validated for various races, and these models underestimated the proportion of BRCA1/2 mutation carriers among Asians [27] .
In the second phase of the KOHBRA Study, the accuracy of the BRCAPRO and Myriad II models was evaluated in 236 Korean female breast cancer patients who underwent BRCA1/2 mutation testing [28] . We found that these Western models significantly underestimated the overall number of BRCA1/2 mutations (observed mutation rate, 19.5%; BRCAPRO predicted rate, 9.0%; Myriad II predicted rate, 5.6%). The observed mutation rates were > 10% for patients with family histories of breast cancer (proband diagnosed at age > 50 years), only 1 relative with breast cancer, early-onset breast cancer, and bilateral breast cancer; however, the predicted mutation rates in these groups were less than 10%. The results of this study demonstrated that these commonly used Western models are not appropriate for identifying candidates for BRCA mutation testing in the Korean population. Therefore, new BRCA risk prediction models were developed for the Korean population using the KOHBRA prevalence data. Approximately 1,600 female patients were used to construct the model, and logistic regression analysis was used to determine the predictive factors for pathogenic BRCA1/2 mutations and develop a model to predict mutation probability. Two models were constructed based on family history of breast and ovarian cancers: familial and nonfamilial. Factors included in the familial model were age at breast cancer diagnosis, bilateral breast cancer, triple-negative breast cancer (TNBC), and number of relatives with breast or ovarian cancer. Breast cancer diagnosis at age < 35 years, bilateral breast cancer, both breast and ovarian cancers, and TNBC were factors included in the nonfamilial model. When all of this information was entered, the estimated probability of BRCA1/2 mutations and the observed prevalence data were calculated depending on the input. This BRCA mutation prediction model was named KOHCal (KOHBRA BRCA Risk Calculator) and is available on the KOHBRA Study website (www.kohbra.kr). We expect that our models will help select more suitable candidates for BRCA mutation testing and assist in the decision to perform genetic testing in the Korean population.
GENETIC COUNSELING FOR INDIVIDUALS AT RISK FOR HBOC
Genetic counseling is recommended before and after BRCA 1/2 genetic testing and should be performed by a specialized physician or genetic counselor. The purpose of genetic counseling is to help individuals better understand their inherited conditions and cancer risks and the impact on their families. The genetic counseling process includes the ascertainment of a patient' s medical and family history; determination and communication of cancer risk; assessment of risk perception; education regarding the genetics of HBOC; discussion of the benefits, risks, and limitations of molecular testing for HBOC; and any necessary follow-up [29] .
In 2007, before the first phase of the KOHBRA study, a nationwide survey of 43 healthcare providers was conducted to examine practice patterns for the management of HBOC [30] . Among the respondents, 81.4% ascertained family histories of cancer and 58.1% recommended BRCA1/2 genetic testing for their patients at risk for HBOC. However, only 52% of respondents who recommended genetic testing performed genetic counseling before genetic testing. In most instances, genetic counseling was conducted by doctors (81.3%); however, it was occasionally performed by nurses (18.7%). In 2009, a followup survey was conducted to evaluate changes in the practice patterns for managing HBOC after the KOHBRA Study [31] . Among 25 physicians who participated in both surveys, 60% indicated that they drew pedigrees, which was higher than the percentage (48%) in 2007. The proportion of physicians who recommended genetic testing for patients at risk for HBOC was higher in the 2009 survey (84.0%) than in the 2007 survey (64.0%). In the 2009 survey, physicians tended to select BRCA genetic testing criteria more appropriately than in the previous survey (42.4% answered correctly in the 2007 survey vs. 74.4% in the 2009 survey). The results of this survey demonstrated that the KOHBRA Study has played an important role in clarifying the proper protocol for genetic testing and selecting appropriate candidates for genetic testing for HBOC risk (Table 4) .
Despite the contributions of the KOHBRA study, a lack of genetic counselors and a systematic protocol are unresolved issues impeding genetic counseling in Korea. Therefore, in the second phase of the KOHBRA Study, the KOHBRA Study group performed various tasks to improve the quality and availability of genetic counseling including constructing a nationwide network of genetic counseling; developing a textbook [32] and a manual [33] for HBOC; and training genetic counselors. The nationwide network for genetic counseling is composed of 9 regional hospitals (Ajou University Hospital, Busan National University Hospital, Chonnam National University Hwasun Hospital, Hallym University Sacred Heart Hospital, Konkuk University Medical Center, Seoul National University Bundang Hospital, Soonchunhyang University Cheonan Hospital, Soonchunhyang University Seoul Hospital, Yeungnam University Medical Center) from 4 provinces. This nationwide network has improved the accessibility of genetic counseling and enhanced the management of HBC. The Korean Breast Cancer Society created a certification system and training courses for HBOC counseling in 2011, and, to date, 30 genetic counselors have been certified for HBC. Through the KOH-BRA Study, interactive computer programs were also developed to educate individuals about HBOC and genetic testing. These programs will be valuable resources to increase understanding and shorten counseling time when used before counseling. These programs are also available on the KOHBRA Study website (www.kohbra.kr).
The identification of a mutation in an affected member of the family confirms the clinical diagnosis of HBOC and provides an opportunity to evaluate and reduce the cancer risk for other family members. Therefore, understanding how families communicate information about HBOC and BRCA test results is important in the genetic counseling process. The KOHBRA Study group previously examined the disclosure patterns of positive test results to family members for 106 probands who carry pathogenic BRCA1/2 mutations [34] . Most participants (93.4%) shared the test result with at least 1 atrisk relative, and they informed a first-degree relative about their positive result. The communication of test results with second-or third-degree relatives occurred significantly less frequently, with only 31.3% of participants sharing their results with these family members. In this study, factors associated with disclosure of test results to more distant relatives included marital status and length of time since posttest counseling. The primary reason for disclosure was to provide information about cancer risk and to suggest genetic testing. These findings highlight the importance of encouraging patients to communicate with extended relatives through systematic genetic counseling.
MANAGEMENT OF BRCA MUTATION CARRIERS
Management options for women with BRCA mutations include close surveillance, chemoprevention, and risk-reducing surgery (RRS). According to the NCCN guidelines, monthly breast self-examinations beginning at age 18, clinical breast examinations twice annually beginning at age 25, and annual mammography and breast magnetic resonance imaging screening beginning at age 25 are recommended for breast cancer surveillance. Biannual ovarian cancer screening with transvaginal ultrasonography and CA-125 serology beginning at age 35 are recommended for ovarian cancer surveillance [12] . Because ovarian cancer screening is not sufficiently sensitive to detect ovarian cancer at an early stage, the preferred option for ovarian cancer prevention is risk-reducing salpingo-oophorectomy (RRSO) [35] . RRSO is recommended for BRCA mutation carriers the aged between 35 and 40 years (after the completion of childbearing) and reduces the risk of ovarian and breast cancers by 95% and 50%, respectively [36] . RRSO has also been associated with a reduction of all-cause, breast cancer-specific, and ovarian cancer-specific mortality [37] . The NCCN guidelines recommend discussing risk-reducing mastectomy (RRM) with BRCA1/2 mutation carriers, and reconstructive surgery and psychological consultation should also be considered in the decision-making process for RRM [12] . Chemopreventive agents such as tamoxifen for breast cancer and oral pills for ovary cancer may be considered to reduce cancer risk, and the benefits and risks of these agents should be discussed.
In Korea, the first case of a contralateral prophylactic mastectomy and RRSO in a BRCA mutation carrier with breast cancer was reported in 2008 [38] , and the first case of bilateral prophylactic mastectomy in an asymptomatic BRCA mutation carrier was reported in 2010 [39] . However, chemoprevention and RRS for breast and ovarian cancer prevention are not widely performed in Korea. In 2011, the KOHBRA Study group reported the results of a study that investigated the usage patterns of surveillance, chemoprevention, and RRS for breast and ovarian cancer prevention in 67 BRCA1/2 mutation carriers in a single institution [40] . Among the 47 carriers affected with breast cancer, 89.4% received intensive surveillance only, 4.3% received tamoxifen, and 6.4% underwent contralateral prophylactic mastectomies for breast cancer prevention. Among the 17 unaffected carriers, only 23.5% underwent breast and ovarian cancer screening, and the others did not select any preventive option. This finding suggested that most Korean women with BRCA mutations chose intensive surveillance for cancer prevention. In addition, previous nationwide surveys of the management patterns of HBOC in 2007 and 2009 revealed the low uptake of chemoprevention and RRS for breast and ovarian cancer prevention in Korea [30, 31] .
A number of studies have examined the uptake of cancer risk management and associated factors among BRCA1/2 mutation carriers. Recently, the KOHBRA Study evaluated the factors affecting the decision to undergo RRSO among women with BRCA mutations in a single institution [41] . Among 71 carriers eligible for RRSO, 29.6% underwent RRSO. Although the uptake rate of RRSO in this particular institution was relatively high compared with that in other hospitals in Korea, it was lower than the rates in Western countries. The rate of RRSO was significantly higher in the fifth decade of life (52.6%) than in the fourth decade of life (33.3%) and sixth and later decades of life (10.7%). The rate of RRSO uptake was higher in carriers with a personal history of breast cancer than in those without a personal history of breast cancer (39.2% vs. 5.0%, p= 0.004). A family history of breast or ovarian cancer was also associated with the uptake of RRSO in univariate analysis. The multivariate analysis revealed that age (fourth and fifth decades of life) and personal history of breast cancer were independent factors affecting the uptake of RRSO. Therefore, age, personal history of breast cancer, and other factors affecting the decision to undergo RRSO should be considered in the counseling process for BRCA mutation carriers. This study was limited by the small sample size and the single-institution design. Despite these limitations, this is the first study to evaluate the RRSO uptake rate and factors affecting the decision to undergo RRSO in BRCA1/2 carriers in an Asian country.
FUTURE OF THE KOHBRA STUDY
The KOHBRA Study established the prevalence of BRCA mutations in the Korean population according to risk factors, which will help healthcare providers select proper candidates for BRCA genetic testing. The risks of breast and ovarian cancers by age 70 years in Korean BRCA mutation carriers are similar to those of Western populations. Although the study has some limitations, we have been able to provide appropriate cancer prevention strategies based on the penetrance data. In the KOHBRA Study, we confirmed that BRCAPRO and Myriad II, 2 widely used Western BRCA mutation prediction models, underestimated the risk of BRCA1/2 mutations in Koreans. Therefore, a new BRCA risk calculator was developed for the Korean population. We determined the status of genetic counseling and management for HBOC, the psychological impact of genetic testing, and familial communication about HBOC in Korea by conducting various surveys. Based on this information, we explored methods to improve genetic counseling and management strategies for HBOC. To improve the quality of genetic counseling, the KOHBRA Study group developed a nationwide network of genetic counseling; developed a textbook, a manual, and animations for HBOC; and created a certification system and training courses for genetic counselors.
The KOHBRA Study group performed various domestic and international collaborative studies to identify genetic variants associated with breast cancer risk through genome-wide association studies [42] [43] [44] . We are also participating in the International BRCA1/2 Carrier Cohort Study and the Consortium of Investigators of Modifiers of BRCA1/2 to identify epidemiologic factors and genetic modifiers of cancer risk in BRCA1 and BRCA2 mutation carriers. In addition to these collaborative studies, the KOHBRA Study group established the Asian BRCA (ABRCA) Consortium in 2011, which initially consisted of Korea, Malaysia, Hong Kong, Japan, China, Indonesia, and Singapore. The aims of the ABRCA Consortium are to share knowledge about HBOC among Asian countries, improve the quality of care for patients with HBOC in Asia, and undertake collaborative studies on HBOC in Asia. To date, the annual meeting has been held in 2 rounds, in Malaysia (2012 ) and Hong Kong (2013 ), and includes participants from India, the Philippines, and Vietnam. The ABR-CA working groups are conducting collaborative studies to review the BRCA mutation spectrum and founder mutations in Asia and evaluate the status of genetic counseling and genetic testing for HBOC in Asian countries. The working groups also plan to study the lifestyle modifiers of breast cancer and estimate the penetrance of BRCA mutations in Asian populations.
CONCLUSION
Over the past 6 years, we exerted great efforts to realize most of the goals of this 10-year project. This year, the first CPGs for HBOC will be published and incorporated into the 5th edition of the Korean breast cancer CPGs. The KOHBRA Study plans to identify the prognostic factors and genetic modifiers of BRCA-related breast cancer in Korea. We will also attempt to complete the remaining projects including a penetrance study conducted via the prospective follow-up of BRCA carriers and intervention studies to evaluate the efficacy of various cancer prevention options among BRCA mutation carriers.
